Materials and Methods
Thirty-nine cases of C. canimorsus septicemia were diagnosed in Denmark from July 1982, when the first case was recognized, to April 1995. Case records of the 39 patients were reviewed. Five of the cases have been described previously in the English-language literature [4, 6, 20, 33, 35] .
All strains were isolated after 2-8 days of incubation with use of one of the following blood culture systems: BACTEC (Becton Dickinson, Sparks, MD, USA), Hemobact (Orion Diagnostica, Turku, Finland), Isolator (DuPont, Hertfordshire, England), Septi-check (Roche, Basel, Switzerland), a conventional l2-tube blood culture system, or Colorbact (Statens Se-ruminstitut, Copenhagen). The strains were recovered at 12 of 16 Danish departments of clinical microbiology.
The identification of the strains, or confirmation of the identification, was done at the Department of Clinical Microbiology of the Statens Seruminstitut which is the central reference laboratory for rarely isolated bacteria in Denmark. As far as we know, all isolated strains of C. canimorsus in Denmark have been referred to this department.
Subcultivation was done on chocolate agar with 1% vitamin K and 0.05% cysteine HCl and on 10% horse blood supplied with a strip of filter paper soaked in 5% cysteine HCl. Plates were incubated in 5% CO 2 in a humidified atmosphere and under anaerobic conditions at 35°C. The bacteria were identified according to the methods of Weaver et al. [42] . Two of the first isolated strains were verified as DF-2 by Dr. R. E. Weaver at the Centers for Disease Control and Prevention. In the last couple of years, horse blood agar plates with Difco blood-agar base number 2 (Difco Laboratories, Detroit) have proved superior for subcultivation of C canimorsus. Table I summarizes the main features of the 39 cases of C. canimorsus septicemia. The infections occurred sporadically and in most parts of Denmark. No seasonal variation was observed. From zero to six cases were diagnosed each year.
Results
The age of the patients ranged from 28 to 83 years (mean, 59.1 years). The male-to-female ratio was 2.9: I. Eleven patients were reported to have previously been in good health; the others had I or more underlying conditions, such as splenectomy (4 patients), alcoholism (7), peptic ulcer disease (6), hypertension (3), and arteriosclerotic heart disease (8) .
Twenty-two of the 39 patients with septicemia had been bitten by a dog. Four other patients had lesions that had been licked by a dog. One patient had been taking care of her daugh-Pers, Gahm-Hansen, and Frederiksen cm 1996;23 (July) Twelve (31%) of the 39 patients died. Eight patients died of fulminant septicemia, complicated by DIe, shortly after admission. One patient (case 7) was found dead 3 days after being bitten by a dog [6] ; one (case 35) died of multiple organ failure, 2 months after admission. One patient, who had C. canimorsus meningitis (case 14), had a cardiac arrest 10 days after discharge, and another patient (case 12) died of anuria and brain abscesses of unknown etiology, I month after admission.
Of the 27 patients who recovered, five presented with fulminant septicemia and DIC, all with sequelae from peripheral gangrene. Initial laboratory data were significant for leukocytoter's dog, and five patients were merely dog owners. In seven cases there was no information about contact with dogs.
The dog bite wounds were located on the fingers and hands in 17 cases, lower legs in 2, and face in 1; in 2 cases no information was given about the location of the wound. On admission 11 patients had no signs of wound infection. Ten patients had painful erythema or slight cellulitis. Lymphangitis was reported in one case. Nine patients were seen by a physician shortly after the dog bite. In case 2, primary suture of the wound was performed. In cases 8, 14, and 15, prophylactic antibiotic treatment was given. The incubation period from the dog bite to the onset of systemic symptoms ranged from 1 to 8 days.
Common initial symptoms in C. canimorsus septicemia are shown in table 2. Severe epigastric pain led to explorative laparotomy for two patients (cases 8 and 20). In one of the patients, adhesions were found, and in the other, diffuse bleeding was noted.
The skin manifestations reported included exanthema in eight cases; in several it was described as erythema multiforme. Erythema nodosum was seen in one patient, and one had herpes labialis. All patients with disseminated intravascular coagulation (DIC) presented with cyanotic mottling of the skin, severe peripheral cyanosis, petechiae, and ecchymoses.
DIC developed in 14 patients, meningitis in 5, and tricuspid valve endocarditis in 1 [32] . (78) 18 (46) 12 (31) 12 (31) 10 (26) 10 (26) 10 (26) 9 (23) 9 (23) 7 (\ 8)
PeTS, Gahrn-Hansen, and Frederiksen cm 1996;23 (July) sis with a shift to the left as well as raised erythrocyte sedimentation rates and serum creatinine values.
Among the five patients with meningitis, the eSF leukocyte count was> 1,700 X 10 6/L in cases 16, 22, and 25 and 240 X 10 6/L and 245 X 10 6 /L in the other two cases. The diagnosis was confirmed by a~80% proportion of neutrophils, an elevated level of eSF protein and low level of eSF glucose, and the isolation of C. canimorsus from spinal fluid (in all cases except case 22, in which the bacteria were seen only at initial microscopy of eSF). In case 14, a tentative diagnosis of C. canimorsus meningitis was made when the gliding motility of the bacteria was observed during the primary microscopy of the eSF [20] . Apart from the three patients who received antibiotics prophylactically, two patients (cases 22 and 25) received antibiotic treatment prior to admission and before blood for culture had been obtained. All patients, apart from the one who was found dead, were treated after admission with one of the following: penicillin, ampicillin, erythromycin, or ceftazidime.
Autopsies were performed on six patients who died of septicemia and DIe (cases 3,5,9, 11, 17, and 33). In one patient (case 11), findings were consistent with Waterhouse-Friderichsen syndrome. Varying degrees of bleeding and degeneration in the kidneys and adrenals were seen in the other patients. Stasis in the organs, especially in the lungs, was noted. In two patients (cases 11 and 17), there were signs of myocarditis. Manifestations in the liver, such as steatosis (case 5) and alcoholic hepatitis (case 17), were described. One patient (case 9) had fibrosis of the spleen, and one had been splenectomized. In case 7, C. canimorsus was isolated from peripheral blood obtained 3 days after the death of the patient [6] . Autopsy was not done on this patient.
Discussion
The clinical features of C. canimorsus septicemia are not unique; septicemia caused by other bacteria may have similar features. Thus, the fulminant courses may mimic meningococcal septicemia. Vomiting, diarrhea, and abdominal pain were often seen as initial symptoms in the patients in this study (table 2) . Skin manifestations were quite prominent. To make a presumptive diagnosis of C. canimorsus septicemia, it is important to know if the patient has been bitten by a dog or has recently had contact with a dog. Infections following cat bites have also been reported [5, 41] , and C. canimorsus has been shown to be a commensal of the saliva of dogs and cats [43] .
From the literature it appears that splenectomy and alcoholism clearly dispose persons to C. canimorsus septicemia [23] . Four of the patients in this study were splenectomized. Peptic ulcer disease and arteriosclerotic heart disease were common in the Danish patients with C. canimorsus septicemia. Perhaps age or diseases related to age are predisposing factors in that the infection is most often seen in middle-aged or older people.
Recently, it has been suggested that C. canimorsus produces an active cytotoxin that may contribute to the disease; however, no release of endotoxin was observed [44] . Furthermore, C. canimorsus seems to be resistant to the bacteriolytic action of serum complement [45] .
Only one case involving a child has been reported in the literature [8] . On the basis of the number of persons attending the emergency ward at Odense University Hospital in 1994 for treatment of animal bites, the total number of dog bites in Denmark requiring medical treatment can be estimated at 10,000-14,000 per year. Of the persons who were bitten and presented in 1994, 8% were <7 years old, while 20% were < 15 years old, an age distibution quite different from that of patients with C. canimorsus septicemia.
As far as we know, all cases diagnosed in Denmark are represented in this paper. This allows us to estimate the incidence of C. canimorsus septicemia, under conditions like the Danish ones, to be 0.5 case per 1 million inhabitants per year.
As the total number of cases of C. canimorsus septicemia reported worldwide is '" 125, a marked underestimation of this condition can be suspected. Such an underestimation may be caused in part by difficulties in subculturing the organism, by the wide clinical spectrum of the disease, and by the selflimiting nature of some cases [46] .
In our experience horse blood agar plates with Difco blood agar base number 2 support growth of C. canimorsus better than do other media, including chocolate agar. The gliding motility of the organisms is also best seen in cultures on this medium. We have used APIZYM (API system; biolvlerieux, Marcy I'Etoile, France) as a tool to demonstrate characteristic enzyme reactions [47] .
C. canimorsus infection may develop despite prophylactic administration of antibiotics. As penicillin seems to be the drug of choice for C. canimorsus infections [48, 49] , one might advocate that prophylactic penicillin should be given to every patient attending the emergency ward for dog bites. However, the fact remains that not even consistent prophylaxis with penicillin will prevent the problem, as even negligible lesions that do not lead to medical treatment may result in development of septicemia.
In conclusion, attention should be drawn to C. canimorsus septicemia that develops following dog bites or recent contact with dogs, not only in immunocompromised patients but also in previously healthy persons.
